The value of stool surveillance for antibiotic-resistant gram-negative bacteria was analyzed in 86 neutropenic bone marrow transplant patients. Twice-weekly specimens were inoculated onto culture medium containing gentamicin plus carbenicillin. The recovered organisms were identified to the species level and tested for antibiotic susceptibility. Forty-eight resistant organisms were recovered from 35 patients. Thirteen isolates persistently colonized patients. Escherichia coli (29%) and Pseudomonas aeruginosa (19%) were the most frequently recQvered organisms. Although most organisms were recovered while patients were on antibiotics, 15 isolates, including eight of nine resistant P. aeruginosa, were detected before antibiotics were initiated. The duration of antibiotic use was longer for patients persistently colonized than for those not colonized (P = 0.03). Of the 15 resistant organisms which caused infection, 12 were detected in the surveillance cultures. Infections by antibiotic-resistant organisms occurred more frequently in patients colonized than in those not colonized (P = 0.006) and more frequently in patients persistently colonized than in those colonized only once (P = 0.01). The absence of colonization or persistent colonization correlated well with the absence of infection (negative predictive values of 94 and 91%, respectively).
Neutropenic patients are especially prone to life-threatening infection due to gram-negative bacteria. Because potential gram-negative pathogens are present in the gastrointestinal tracts of these patients, a number of studies have examined the utility of stool surveillance cultures in predicting infections in neutropenic patients (1-5, 7, 8, 10, 12-15) . However, identification of all organisms present on routine surveillance cultures not only is not feasible for clinical laboratories but also has been proven of limited clinical value.
With the routine use of empiric broad-spectrum antibiotics for fever during neutropenia, the emergence of antibioticresistant gram-negative bacteria as potential pathogens has become an increasing problem in recent years. One previous study considered the significance of antibiotic-resistant Pseiudomonas aleru-£gitnosa in stool surveillance cultures (7) and found that resistant variants may be less virulent than susceptible strains.
A program of stool surveillance cultures in bone marrow transplant (BMT) patients has been in effect at this institution to alert clinicians to potential pathogens which would not be covered by the standard empirically derived therapeutic protocols. Patients were monitored during a cytotoxic therapy that was expected to result in neutropenia exceeding 14 days in duration. Our surveillance program was designed to detect carbenicillin and aminoglycoside-resistant organisms colonizing the intestinal tract. This study is an evaluation of the information gained from that program.
MATERIALS AND METHODS
Patients studied. Eighty-six consecutively treated patients underwent allogeneic BMT with marrow from genotypically HLA-identical siblings as treatment for leukemia or aplastic anemia over a 2-year period. Patients with leukemia were either in complete remission or early bone marrow relapse. * Table 1) . Thirteen of these organisms were present on multiple surveillance cultures and were termed persistent colonizers. Escherichia coli and P. aeruginosa were the most frequent antibiotic-resistant organisms isolated, and together they accounted for 48% of all resistant organisms recovered. Although most organisms were transient colonizers, Enterobacter cloacae isolates were persistently recovered from stool specimens in all four occurrences of the organism. The first appearance of E. cloacae always occurred late in the course of antibiotic therapy (mean, 11.8 days after the start of antibiotics).
Time of first appearance. P. aeruginosa and E. coli were early colonizers (means, -7.7 and 2.4 days, respectively, after the initiation of antibiotics) ( Table 1) . P. aeruginosa appeared earlier than did E. coli (P = 0.009), E. cloacae (P = 0.002), Klebsiella oxytoca (P = 0.01), Citrobacterfreundii (P = 0.005), and Klebsiella pneumoniae (P = 0.02). E. coli appeared earlier than did E. cloacae (P = 0.004), C. freundii (P = 0.05), K. pneiumoniae (P = 0.008), and K. oxytoca (P = 0.01). Fifteen antibiotic-resistant isolates were recovered from stool specimens before the initiation of antibiotics (Table 1) . Although for most organisms isolation before the start of antibiotics was uncommon, eight of the nine antibiotic-resistant P. aeruginosa isolates were present before the initiation of antibiotics. The likelihood of recovery before antibiotic use was greater for the P. aeruginosa isolates (8 of 9) than for the other organisms combined (7 of 39) (P = 0.0001). Of the 15 isolates present before antibiotic use, only 3 were present in the first stool specimen obtained. The other 12 were first detected after an average of 2.3 negative stool cultures.
Relationship of the presence of antibiotic-resistant bacteria in stool specimens to duration of antibiotic use. The duration of antibiotic use was not significantly longer among patients The sensitivity, specificity, positive predictive values, and negative predictive values are given in Table 4 for colonization and persistent colonization. Persistent colonization had greater specificity and a greater positive predictive value than colonization, but it had a lower sensitivity. The negative predictive values were high for both colonization and persistent colonization.
Infections due to other organisms. Six antibiotic-susceptible gram-negative bacteria caused bacteremia. All occurred in patients not receiving antibiotics at the time of the first fever during neutropenia, and all were controlled by the empiric antibiotic regimen. This is in contrast to the five bacteremic infections caused by seven antibiotic-resistant gram-negative bacteria, all of which occurred in patients receiving antibiotics (P = 0.002). Twenty-one infections due to gram-positive organisms and two infections due to fungi were also noted in the 86 patients.
DISCUSSION
Neutropenic patients are extremely susceptible to morbidity and mortality from infection due to gram-negative bacteria. Early empiric antibiotic use has been shown to reduce morbidity and mortality. Because most neutropenic patients are exposed to antibiotics, the risk of developing infections from antibiotic-resistant organisms is substantial. In addition, it is critical that neutropenic patients be placed on the appropriate antibiotics promptly when infection occurs. Therefore, identification of neutropenic patients at high risk of infection due to antibiotic-resistant bacteria is a high priority.
Studies by surveillance cultures of the bacterial flora of neutropenic patients have been done previously (1-5, 7, 8, 10, 12-15) . These studies were not designed to detect resistant strains but rather to examine the significance of isolates present on media that contained no antibiotics. In one study Schimpff et al. (14) found that colonization by P. aeruginosa was associated with sepsis in most neutropenic patients. After improvements in hygienic measures and changes in oral antibiotics, this association decreased substantially (13) . Gurwith et al. (8) found that 20 of 42 evaluable bacteremic episodes had antecedent positive surveillance cultures. However, in 14 of 42 episodes, there was no correlation between surveillance and bacteremic organisms. Fainstein et al. (5) noted that changes in throat and stool flora occurred during hospitalization; although organisms acquired during hospitalization were more apt to cause infection, most colonizing organisms did not cause infection.
A program of identification of all organisms present on surveillance cultures as performed in these earlier investigations is not feasible for routine use in most hospital laboratories and has been proven in these earlier studies to be of limited clinical value. To minimize the cost and labor, we instituted a program to identify only those organisms which were resistant to the antibiotics employed in our empiric regimen, i.e., ticarcillin plus gentamicin or tobramycin. Our hypothesis was that a failure to detect antibiotic-susceptible organisms would have minimal clinical impact, since signs and symptoms of sepsis would lead to the institution of antibiotics active against the organisms and to the subsequent control of the infection. Our findings in this study support this contention, since susceptible bacteria caused sepsis only in patients not on antibiotics, and these episodes were readily controlled by the institution of antibiotics.
The patients in this study were found to frequently harbor resistant bacteria. Almost a third of the organisms were present before the institution of antibiotics. P. aeruginosa was especially apt to colonize patients before antibiotic use. Of the 15 isolates recovered before antibiotic use, only 3 were present in the first stool specimen obtained. The other 12 isolates first appeared after an average of more than 1 week of negative cultures. This suggests hospital acquisition, but variability in the sampling makes this supposition necessarily tentative.
Greene et al. (7) found that the P. aeruginosa variants that were resistant to both carbenicillin and gentamicin appeared to be less virulent than did the susceptible strains. Although our study was not designed to compare virulence of susceptible and resistant bacterial variants, our finding that only susceptible organisms caused bacteremia in patients not receiving antibiotics is compatible with the findings of Although the sensitivity of overall colonization was good, the specificity was much lower, and the positive predictive value was poor. Many patients colonized with resistant organisms developed no infection from these organisms. When persistent colonization alone was considered, the sensitivity and positive predictive value were low, but the specificity was good. The negative predictive values of both overall and persistent colonization were excellent: negative cultures predicted absence of infection to a high degree. Thus, in this group of patients with prolonged neutropenia caused by cytotoxic therapy (which also damaged the gastrointestinal mucosal integrity), surveillance to detect antibiotic-resistant bacteria was helpful in identifying patients at low risk for developing antibiotic-resistant bacterial infection, although surveillance was somewhat less helpful in identifying those at high risk. Three organisms implicated in two bacteremic episodes were not detected. Thus, continued study is required to optimize the value of such surveillance culture programs and to determine the patient populations for which this approach has greatest value.
